The detection of toxoplasma-specific antibodies is the primary diagnostic method to determine infection with toxoplasma in pregnant women. The present study aimed to evaluate the vertical transmission of anti-Toxoplasma gondii antibodies (IgM, IgG). ELISA is one of the easiest tests and most helpful technique in the diagnosis of toxoplasmosis. The 36 kDa toxoplasma gondii-(T.gondi) circulating antigen was isolated and purified from serum of toxoplasma infected mothers and umbilical cord samples of their neonates by electroelution. This antigen was used to detect the anti-T.gondii IgM and IgG antibodies in 95 serum samples from pregnant mothers and 95 umbilical cord samples collected from the umbilical cord of their neonates. Total anti-T.gondii IgM antibodies were detected in 32 (33.7%) serum samples with vertical transmission rate (9.4%). Total anti-T.gondii IgG antibodies were detected in 26 (27.4%) serum samples with vertical transmission rate (53.8%). The serodiagnosis of toxoplasmosis based on the detection of antibodies is not useful for the detection of toxoplasma vertical transmission. However, T.gondii circulating antigen was detected in 55 (58%) serum samples with vertical transmission rate (81.8%) in respect to antigen positive. Therefore, the detection of T.gondii circulating antigen in umbilical cord serum is considered as a good evidence for vertical transmission of this antigen.
INTRODUCTION
Toxoplasma gondii (T.gondii) is an intracellular parasite that frequently infects a large spectrum of warm-blooded animals (1) . Infections with Toxoplasma gondii occur worldwide, but are especially prevalent in Europe, South America and Africa (2) . The main infection routes are ingestion of cysts from raw or badly-cooked meat, ingestion of oocysts from substrates contaminated with the feces of infected felines and congenital transmission by tachyzoites (3) . The definitive host of T. gondii is the cat, but the parasite can be carried by the vast majority of warm-blooded animals, including humans (4) . T. gondii is the cause of toxoplasmosis which is usually asymptomatic in an immunocompetent person but can have serious or even fatal effects on a fetus whose mother first contracts the disease during pregnancy or on an immunocompromised human (5) . In pregnancy, primary infection of the mother may lead to vertical transmission, followed by fetal infection which presents the risk of congenital abnormalities. Toxoplasmosis in pregnant mothers is diagnosed in the laboratory based on immunological testing that gives the titer of circulating antibodies, detection of the relevant antibody classes at each phase of the illness, isolation of the parasite, polymerase chain reaction (PCR), circulating antigen investigation and ultrasound imaging (6) . Acute and latent T. gondii infections during pregnancy are mostly diagnosed by serological tests including detection of anti-T.gondii-specific IgM and IgG antibodies (5) since, the serologic methods are simple and inexpensive (7) . The aim of the present study was to determine the vertical transmission rates of antitoxoplasma gondii antibodies and circulating toxoplasma gondii antigen.
SUBJECTS AND MRTHODS
A total of 95 serum samples from pregnant mothers were included in the present study and umbilical cord samples were collected from the umbilical cord of their neonates at delivery. Serum samples from 31 healthy controls were included, as a negative control group.
Toxoplasma gondii antigen identification and purification
Serum samples from random pregnant women and cord samples of their neonates were resolved using SDS-PAGE according to the method of (8) , then electro-transferred onto nitrocellulose membrane (NC) according to the method of (9) . The NC membrane was blocked using 3 % (w/v) bovine serum albumin (BSA) dissolved in 0.05% M Tris-buffered saline (TBS), containing 200 mM NaCl (pH 7.4), rinsed in TBS, and incubated with specific polyclonal antibodies to toxoplasma gondii antigen (1 : 75 ) in 1% BSA dissolved in TBS with constant shaking. The NC membrane was washed three times, 15 min each, in TBS followed by incubation separately for 2 h with antirabbit IgG alkaline phosphates conjugate (Sigma) diluted 1: 50 in TBS. After washing 3 times with TBS (15 min each), the NC membrane was exposed to alkaline phosphates substrate [5-bromo-4chloro-3-indolyl phosphate] (BCIP)/ nitroblue tetrazolium (NBT) in 0.1 M Tris buffer, pH 9.6 [Sigma] for 10 min and the reaction was stopped using distilled water. The specific band of target antigen appeared at 36 kDa.
Gel electroelution
The target toxoplasma antigen band (36-kDa) was cut and electroeluted from preparative polyacrylamide gels at 200 volts for 4 h in a dialysis bag (Sigma). After dialysis, the electroeluted antigen band was concentrated using polyethylene glycol and 40% trichloroacetic acid, then centrifuged at 6500 × g for 15 min. The precipitate was washed twice using diethyl ether. The excess diethyl ether was removed by gentle drying and the pellet was reconstituted in phosphate buffered saline (PBS), pH 7.2. The protein content of the purified toxoplasma antigen band was determined according to the method of (10) before remainder was stored at -20 o C.
Detection of IgM and IgG antibodies using ELISA.
After optimization of the reaction conditions, flat-bottomed polystyrene, micro-titer plates (Corning Life Sciences, Acton, MA) were coated with the purified 36 kDa Toxoplasma gondii antigen (150 μg/well). After blocking, 50 μl/well serum samples of pregnant women and cord samples of their neonates were added with dilution of 1:250 for IgM antibodies and 1:1000 for IgG antibodies, in PBS with 0.05% (v/v) Tween 20 (PBS-T20). The plates were incubated at 37°C for 2 hours, washed, and then incubated with anti-human IgM or IgG alkaline phosphates conjugate (The Binding Site, Bermingham, UK.) with dilution 1:500 or 1:1000 in 0.2% (wt/v) BSA in PBS-T20. After washing, the substrate was added and the plates were incubated for 30 min at 37°C. Optical densities (O.D) were read at 490 nm using a micro-plate auto-reader (Metertech Inc. USA). The cut-off O.D for ELISA positivity was set as mean O.D plus three S.D. for the sera from healthy individuals.
Detection of T.gondii antigen using ELISA.
The surface of polystyrene microtitre plates was coated with diluted serum samples (1:400) in coating buffer (pH 9.6). After blocking, 50 μl/well of specific polyclonal antibody diluted in 100 µl of PBS-T20 were added, and then incubated at 37°C for 2 hours. 50 μl/well of secondary antibody labeled enzyme (anti-rabbit) with dilution 1:800 in 0.2% (wt/v) BSA in PBS-T20 were added, then the plates were incubated for 1hr. After washing, the substrate was added and the plates were incubated for 30 min at 37°C. Optical densities (O.D) were read at 490 nm using a micro-plate auto-reader (Metertech Inc. USA). The cut-off O.D for ELISA positivity was set as mean O.D plus three S.D. for the sera from healthy individuals.
RESULTS

Detection of anti-toxoplasma gondii IgM and antitoxoplasma IgG antibodies using ELISA.
Serum from 95 pregnant mothers and cord samples were tested by ELISA technique for detection of the anti-toxoplasma gondii IgM, anti-toxoplasma gondii IgG antibodies and toxoplasma circulating antigen. Anti-toxoplasma gondii IgM antibodies were detected in 32 out of 95 serum samples (33.7%), while they were not detected in the other 63 (66.3%) serum samples (Figure 1) . Antitoxoplasma IgG antibodies were detected in 26 out of 95 serum samples (27.4%), while they were not detected in the other 69 (72.6%) serum samples (Figure 1) . Toxoplasma gondii antigen was detected in 55 out of 95 serum samples (58%) serum samples of total 95 samples, while 40 out of 95 serum samples (42%) were negative and 45 out of 95 cord samples were positive for toxoplasma antigen (Figure 2) .
The vertical transmission rates of anti-toxoplasma IgM, IgG antibodies and toxoplasma antigen from infected pregnant mothers to their neonates were detected using ELISA technique. Three out of 32 positive IgM mothers (9.4%) were positive for anti-T.gondii IgM antibodies, while 14 out of 26 positive IgG mothers (53.8%) were positive for anti-toxoplasma IgG antibodies and 45 out of 55 infected mothers (81.8%). were positive for toxoplasma antigen (Figure 3) . By using statistical analysis we found no significant correlation (r = 0.067, P = 0.297) between the levels of anti-toxoplasma IgM antibodies (O.D) in mothers and their neonates (Figure 4) , while a significant correlation (r = 0.371, P = 0.0001) between the levels of anti-toxoplasma IgG in mothers and their neonates was found ( Figure  5) . A significant correlation was found between levels of toxoplasma circulating antigen in serum from pregnant mothers and cord samples from their neonates (r=0.562, P=0.0001) ( Figure 6 ). There was no significant correlation between levels of toxoplasma circulating antigen and levels of anti-toxoplasma IgM antibodies in cord samples (r=-0.06 ,P=0.281) (Figure 7) while, a significant correlation was found between levels of toxoplasma circulating antigen and levels of anti-toxoplasma IgG antibodies in cord samples (r=0.197 ,P=0.028) (Figure 8 Fig. (3) . Vertical transmission rates of anti-toxoplasma IgM, IgG antibodies and toxoplasma antigen from infected mothers to their neonates via cord. Fig. (4) . Correlation between levels of anti-toxoplasma IgM antibodies in 95 serum and cord samples, (r =0.067, P = 0.297). Fig. (6) . Correlation between levels of toxoplasma antigen in serum from mothers and umbilical cord samples from their neonates, (r=0.562, P=0.0001).
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DISCUSSION
Toxoplasmosis in pregnant mothers can be diagnosed by following the titer of circulating antibodies, detection of the relevant antibody classes, isolation of the parasite, PCR and investigation of the circulating antigens (6) .The diagnosis by PCR is a quite timeconsuming and do not provide quantitative data (11) . Histological diagnosis should not be made unless organisms with the typical structure are seen, as degenerating host cells may resemble degenerating T gondii parasites (12) and isolation of T.gondii method usually requires several days to obtain results (13) . The serologic methods are simple and inexpensive to perform and can differentiate between recently acquired and chronic toxoplasma infections in a single serum sample (7) .The detection of anti-toxoplasma antibodies by ELISA methods is commonly performed in many medical centers; the results of such tests are generally well accepted by clinicians because of their excellent sensitivities and specificities, the rapid availability of results, and the relatively low costs of the tests (14) . Toxoplasma immunoglobulins IgM and IgG are essential for the diagnosis of Toxoplasma infection in pregnant women (15) .The prevalence of anti-toxoplasma gondii IgM and IgG antibodies in 59 serum samples of pregnant women was measured to detect the vertical transmission rate of these antibodies to their neonates via placenta. Anti-T.gondii IgM antibodies were detected in 32 (33.7%) serum samples with low vertical transmission rate (9.4%); the other 63 (66.3%) samples were negative for IgM. There was a range from 20 to 38 % of vertical transmission of anti-toxoplasma IgM antibodies detected by several authors El-Nawawy et al., (16) ; Dar et al., (17) and Hovanec-Burns et al., (18) . Since, the anti-toxoplasma IgM antibodies are produced by the neonate itself (i.e. they do not pass across the placenta) (19) , no statistically significant correlation (r=0.067, P=0.297) was shown between the levels of anti-toxoplasma IgM antibodies in mothers and their neonates and the immunization of fetal blood may be due to contamination by maternal blood during the first few days after birth (20) . Anti-T.gondii IgG antibodies were detected in 26 (27.4%) serum samples with vertical transmission rate 53.8% while the other 69 samples (72.6%) were negative for IgG. There was a very wide range from 9.3 to 100 % of vertical transmission of antitoxoplasma IgG antibodies reported by several authors Yu, (21) ; El-Nawawy et al., (16) and Hovanec-Burns et al., (18) . Since, the maternal IgG antibodies cross the placental barrier and will appear and persist for several months in the circulation of the newborn (22) , a significant correlation (r= 0.371, P= 0.0001) was shown between levels of anti-toxoplasma IgG antibodies in mothers and their neonates ( Fig 5) . Serodiagnosis of congenital infection depending on the presence of IgG antibodies in the sera of suspected fetuses is not helpful as it is difficult to differentiate between fetal IgG antibodies and maternal IgG antibodies that have migrated across the placenta (23) .In contrast, the presence of anti-toxoplasmic IgM or IgA in the neonate is the most specific sign of congenital infection because these antibodies are produced by the neonate itself (i.e. they do not pass across the placenta). At the same time, the absence of IgM does not rule out acute congenital toxoplasmosis, because IgM antibodies can only be detected in about 20% of congenital infections (24) . T.gondii circulating antigen was detected in 55 serum samples (58%) with high vertical transmission rate (81.8%), the other 40 samples (42%) were negative for T.gondii antigen. Different ranges of vertical transmission rates of toxoplasma antigen were reported by several authors Greco et al., (25) ; Di Carlo et al., (26) and Mazzola et al., (27) . No significant correlation (r=-0.06, P= 0.281) was found between levels of toxoplasma antigen and anti-toxoplasma IgM antibodies in cord samples. This may be attributed to the high molecular weight of these antibodies 60-kDa, Decoster et al., (28) .On the other hand a significant correlation (r= 0.197, P= 0.028) was found between the levels of toxoplasma antigen and anti-toxoplasma IgG antibodies in cord samples and this is attributed to the small molecular weight of IgG antibody 12-kDa, Decoster et al., (28) . The present findings indicate that the detection of T.gondii circulating antigen appears to be a promising alternative approach for laboratory diagnosis of vertical transmission of T.gondii infection.
